US009141344B2
12 United States Patent (10) Patent No.: US 9,141,344 B2
Johnston 45) Date of Patent: Sep. 22, 2015

(54) HOVER HELP SUPPORT FOR APPLICATION (56) References Cited

SOURCE CODE
U.S. PATENT DOCUMENTS

(75) Inventor: Jeffrey Grant Johnston, Scarborough

(CA) 6,467,081 B2* 10/2002 Vaidyanathan et al. ...... 717/123

6,502,233 B1* 12/2002 Vaidyanathan et al. ...... 717/101

: : 7,120,863 B1* 10/2006 Wang ..........ocovvviviinn, 715/227

(73) Assignee: Red Hat, Inc., Raleigh, NC (US) 7.581,172 B2* 872009 Ozzii etal 715/234
N _ _ _ _ _ 7,797,627 B2* 9/2010 Fongetal. .................... 715/249
(*) Notice:  Subject to any disclaimer, the term of this 8,191,040 B2* 5/2012 Hejlsberg et al. ............ 717/114
patent 1s extended or adjusted under 35 2006/0101397 Al* 5/2006 Merceretal. ................. 717/120

U.S.C. 154(b) by 1236 days. 2006/0190814 Al1* 8/2006 Collieetal. .................. 715/513

2007/0168909 Al* 7/2007 Vaidyanathan et al. ...... 717/100

‘ 2008/0282152 Al1* 11/2008 McKnight etal. ............ 715/255

(21) Appl. No.: 12/701,252 2009/0132937 Al*  5/2009 Allen etal. ...coccovv........ 715/762
2010/0257507 Al™ 10/2010 Warren ........ocovvvvinninnn, 717/106

(22) Filed: Feb. 5,2010
* cited by examiner

(65) Prior Publication Data
US 2011/0197178 A1 Aug. 11, 2011 Primary Lxaminer — Don Wong |
Assistant Examiner — Mohammad Kabir
(51) Int.CL. (74) Attorney, Agent, or Firm — Lowenstein Sandler LLP
GO6F 9/44 (2006.01)
GO6F 3/00 (2006.01) (57) ABSTRACT
GO6F 17/22 (2006.01)
GO6F 17/30 (2006.01) A method and apparatus for proving hover help support 1s

(52) U.S.CL described. In one embodiment, the method includes loading a

CPC .. GOG6F 8/33 (2013.01); GO6F 8/73 (2013.01): documentation file generated from application source code.
GOGF 17/2247 (20i3 01); GO6F 1 7/3090§ The method may also include parsing the documentation file

(2013.01) to determine a context of elements within the documentation
(58) Field of Classification Search file. Furthermore, the method may 1include generating a
CPC GOGF /10 GO6E 8/20: GOGF &/71 model of the documentation file based on the context of the
| GOG6F & /73:; GOGE & /75’ clements and storing the model 1n a memory.
USPC e, 717/101, 120, 124
See application file for complete search history. 16 Claims, 7 Drawing Sheets

(o>

RECEIVE REQUEST FOR HOVER HELP DATA

| "

DETERMINE A HOVER REFERENCE CONTEXT
CORRESPONDING TO THE REQUEST

204
FOR A DOCUMENTATION MODEL, READ THE
DOCUMENTATION DATA FROM THE CLASSES, INCLUDING

REFERENCED CLASSES, FROM THE CORRESPONDING
SERIALIZER DOCUMENTATION MODEL 506

ADDITIONAL MATCH IN
MODEL(S) THE DOCUMENTATION
TO SEARCH MODEL

m l
N

808

FORMAT DOCUMENTATION DATA INTO A
HOVER HELP RESPONSE

10

Y Y
PROVIDE A NULL RESPONSE TO THE PROVIDE HOVER HELP
HOVER HELP REQUEST DOCUMENTATION RESPONSE
516 912

'
G




U.S. Patent Sep. 22, 2015 Sheet 1 of 7 US 9,141,344 B2

100

| |
| |
| SOFTWARE ‘
‘ DEVELOPMENT LIBRARY HOVER | |
TOOLS PLUG-IN SUPPORT ‘
| €0 440 104
\ ‘ ‘
| |
| |
INTEGRATED
| DEVELOPMENT HOVER |
PLATFORM MODEL FILES ‘
| 108 | 106
| |
| |

INTEGRATED DEVELOPMENT ENVIRONMENT 102



U.S. Patent

Sep. 22, 2015

SOURCE CODE MODEL
18

e e b

SOFTWARE
DEVELOPMENT TOOLS
PLUG-IN (CDT)

P

HOVER
DOCUMENTATION
RETRIEVER

216

el ' el el el e e e [EETES

i

)

HOVER MODEL |
FILES STORE

\

DOCUMENTATION
PARSER

210

SOURCE CODE
DOCUMENTATION FILE

220

FIG. 2

Sheet 2 of 7

US 9,141,344 B2

LIBRARY HOVER SUPPORT 204

I R [t L A L L

DOCUMENTATION
MODELING CLASSES

212

DOCUMENTATION
GENERATOR 222

SOURCE CODE 224




U.S. Patent

o

00

\

Sep. 22, 2015 Sheet 3 of 7
C START )
LOAD DOCUMENTATION FILE
302
PARSE DOCUMENTATION FILE
304

MODEL DOCUMENTATION FILE BASED ON THE PARSING USING A
SET OF CLASSES

306

#

STORE DOCUMENTATION MODEL IN SERIALIZED FORMAT

D
o

'

RECEIVE REQUEST FOR HOVER HELP DATA

oY)
—_
D

1

'

LOCATE HOVER HELP DATA, IF ANY, IN THE SERIALIZED
DOCUMENTATION MODEL

O
—_
]

RETURN RESULTS OF THE LOCATION

D
—_
.

'
< START >

FIG. 3

US 9,141,344 B2




U.S. Patent Sep. 22, 2015 Sheet 4 of 7 US 9,141,344 B2

5
]
T
-~

READ DOCUMENTATION FILE

MODEL DOCUMENTATION FILE UTILIZING A SET OF CLASSES FOR
C++ USE CASES AND DOCUMENTATION DATA OBTAINED FROM
THE DOCUMENTATION FILE

404

\

WRITE THE DOCUMENTATION MODEL, CONTAINING THE SET OF
CLASSES INCLUDING DOCUMENTATION DATA, TO AFILE

06

Y

STORE THE FILE IN SERIALIZED FORMAT

=
-
CO

Y

| STOP )

FIG. 4




U.S. Patent Sep. 22, 2015 Sheet 5 of 7 US 9,141,344 B2

<>

500

N

RECEIVE REQUEST FOR HOVER HELP DATA

502

Y

DETERMINE A HOVER REFERENCE CONTEXT
CORRESPONDING TO THE REQUEST

:

FOR A DOCUMENTATION MODEL, READ THE
DOCUMENTATION DATA FROM THE CLASSES, INCLUDING
REFERENCED CLASSES, FROM THE CORRESPONDING

SERIALIZED DOCUMENTATION MODEL 505

204

MATCH IN
THE DOCUMENTATION

MODEL
208

N Y

Y ADDITIONAL N
MODEL(S)

TO SEARCH
514

FORMAT DOCUMENTATION DATAINTO A
HOVER HELP RESPONSE

' , '

PROVIDE A NULL RESPONSE TO THE PROVIDE HOVER HELP
HOVER HELP REQUEST DOCUMENTATION RESPONSE

216 212

51

Y

> STOP )

FIG. 5



U.S. Patent Sep. 22, 2015 Sheet 6 of 7 US 9,141,344 B2

'-.'-.'-.'-.'-.'-.'-.'-.'-.'-.'-.'-.'-. Iwl 'a -.'-.'-.'-.'-.'-.'-.'-.'-.'-.'-.'-.'-. Iwl 'a -.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-. Iwl 'a -.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'lh'-.'-.'-.'-.'-.'-.'-.'-.'

ol o
 HessageBus: Iﬁ%’%ﬁzﬁgfﬁﬂﬁﬁ i3

'
F e e R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

a
‘-iiiiiii-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-'i-i-l-iiiiiiiiiiiiiiiiiiifiii*
'

1 L] -1 11
] 1 - 1 & -
1 1 ]
L] ] Tt 1
1 LI TR ]
] 1 ] -
1 LN A T
] 1 A ks kon 1
1 LA IERENE TN
L] ] ek - -
1 I R R R e I I T I L] LERE
] 1 LIERE 1

-.-.-.-.-.-.-.-.-.-.-.-.-.-..‘-.-.-.-.........

1
LT T T T T T T e

a
-
a

---------------q.-lh'-
= = = = m = o= = o= = o= o= o= = g kg

R
- &

x x x4
I'i'i'_l-#'-b'#‘#'#‘#-#'#

-_\;-_

5 ..-:--'Eiilﬁ

-
k|
H#H#H#HFH#H#H#H#H#H#H#H#%FH#H#H#H#H#HFH#H#H#H#H#H#H#H#HFH#H#H#H#H#HFH#H#HFH#H#H#H#H#HFH#H#H#H#H#HFH#H#HFH#H#H#H#H'.IH'.Ii!"'i!'.IH'.Ii!lllHlll?d"'i!"'i!'.IHlllH"'i!'.IH"'i!lllH'.IH'.Ii!"'i!'.IH'.Ii!"'Hlll?d"'i!"'i!'.IH'.IH"'i!'.IH'.Ii!lllH'.I?!lllH"'i!'.IH'.Ii!"'?ElllH"'i!llli!'.IH'.IH"'i!'.IH'llH"'H'll?!lllH"'?E'llH'llH"'?E'llH'llHlll?E'llH'llH"'?ElllH'llH"'?E'll?!"'H"'?E'llH'llH"'?E'llH'llH"'H'llH'llH"'?ElllH'llH"'?E'llH'llH"'?E'llH'llH"'?E'llHlllH"'?E'llH'llH"'H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#HFH#H#Hzx#H#HFH#H#HFH#H#HFH#HFH"

FIG. 6



U.S. Patent Sep. 22, 2015 Sheet 7 of 7 US 9,141,344 B2
= 700
RN o
PROCESSOR
\ g > | »|  VIDEO DISPLAY
INSTRUCTIONS 1 726
708
— 104 — 112
MAIN MEMORY
SNE—— ALPHA-NUMERIC
- |- -
INSTRUCTIONS| 796 NPUT DEVICE
— 706 — 714
CURSOR CONTROL
e e
STATIC MEMORY EVICE
)
)
M
716
T2 /
DRIVE UNIT
NETWORK
» >
INTERFACE DEVICE COMPUTER-READABLE ot
MEDIUM
INSTRUCTIONS | | 726
— T2
SIGNAL
- »|  GENERATION
DEVICE
L
N 7

FIG. 7



US 9,141,344 B2

1

HOVER HELP SUPPORT FOR APPLICATION
SOURCE CODE

FIELD OF INVENTION

Embodiments of the invention relate to the field of support-

ing soltware application development, and more particularly,
to providing hover help 1n an integrated development envi-

ronment.

BACKGROUND OF THE INVENTION

Soltware applications are often written and edited by users
in graphical user interface environments. Because applica-
tions code 1s often reused, it 1s common to use pre-written or
open source software in an application to impart functionality
on the application without an application developer having to
unnecessarily recreate applications code. Thus, the pre-writ-
ten software packages include documentation that describes
the various functions and capabilities of the software to
inform other software developers how to use various func-
tions, data structures, data types, etc. contained within the
pre-written packages. The documentation often exists in a
file, such as a text document, web page, postscript document
file, etc., separate and distinct from the code library and
graphical user interface. As a result, when a user desires
documentation for a particular software element, attention
must be diverted from the present task of writing and editing,
a software application to loading a documentation file, locat-
ing a description for a particular software element within the
documentation file, and then reading through the documen-
tation {ile.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will be understood more fully from
the detailed description given below and from the accompa-
nying drawings of various embodiments of the invention,
which, however, should not be taken to limit the invention to
the specific embodiments, but are for explanation and under-
standing only.

FI1G. 1 1s a block diagram of exemplary system for provid-
ing library hover support.

FI1G. 2 1s a block diagram of an architecture for providing
library hover support 1n an integrated soitware development
environment.

FIG. 3 1s a flow diagram of one embodiment of a method
tor providing hover help for C++ software application devel-
opment 1n an mtegrated development environment.

FIG. 4 15 a flow diagram of one embodiment of a method
tor providing hover help for C++ software application devel-
opment 1n an integrated development environment.

FIG. 5 15 a flow diagram of one embodiment of a method
for providing hover help for C++ software application devel-
opment 1n an mtegrated development environment.

FI1G. 6 illustrates an exemplary embodiment of a hover help
display dialog box 1n a graphical user interface of the inte-
grated development environment.

FIG. 7 illustrates a diagrammatic representation of a
machine 1n the exemplary form of a computer system.

DETAILED DESCRIPTION OF THE PR.
INVENTION

T

SENT

A method and apparatus for proving hover help support 1s
described. In one embodiment, the method 1includes loading a
documentation file generated from application source code.
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2

The method may also include parsing the documentation file
to determine a context of elements within the documentation
file. Furthermore, the method may include generating a
model of the documentation file based on the context of the
clements and storing the model in a memory.

FIG. 1 1s a block diagram of exemplary computer system
100 for providing library hover support. The computer system
100 may include one or more computing devices such as
server computers, desktop computers, laptop computer sys-
tems, netbooks, etc. In one embodiment, the computer system
100 hosts an integrated development environment 102 that
includes an integrated development platform 108, a software
development tools plug-in 110, library hover support 104,
and a data store to store library hover model files 106. For
example, mtegrated development environment 102 may be
the ECLIPSE™ multi-language soiftware development envi-
ronment for developing applications in soitware program-
ming languages such as JAVA™, C, C++, Python, etc.

In one embodiment, integrated development platform 108
1s run 1n a JAVA runtime environment. In one embodiment,
integrated development platform 108 1s a plug-1n architecture
and framework. In one embodiment, software development
tools plug-in 110 1s plugged 1nto the integrated development
plattorm 108. In one embodiment, the software development
tools plug-in 1101s a C and C++ software development toolkat
for tooling and developing C and/or C++ based software
applications. The combination of the integrated development
environment 108 and software development tools plug-in 110
provides a graphical interface and tools enabling a user to
develop various soltware applications.

In one embodiment, software development tools plug-in
110 includes native hover help functionality. In one embodi-
ment, hover help 1s a graphical user interface tool provided by
soltware development tools plug-in 110 that supports soft-
ware application development while using the software
development tools plug-in 110. In one embodiment, hover
help detects a user mouse-over event, such as a user directing
a mouse cursor over a method function. The hover help of
soltware development tools plug-in 110 then displays, such
as 1 a popup window, secondary display pain, efc., text,
graphics, or other media, corresponding to the element the
user 1s mousing over. For example, 11 a user mouses over an
icon of the software development tools plug-in 110, small text
box that describes the icon may be generated by the native
hover help of software development tools plug-in 110.

In one embodiment, software development tools plug-in
110 1s coupled with library hover support 104. In one embodi-
ment, library hover support 104 extends the native hover help
functionality of software development tools plug-in 110 by
providing data for software development elements, such as
method functions, variables, arrays, typedets, etc., displayed
in a graphical user interface of software development tools
plug-1n 110. FIG. 6 1llustrates an exemplary embodiment of a
hover help display dialog box 1n a graphical user interface 600
of the integrated development environment 102. As 1llus-
trated, 1n response to a user mousing over the append method
function 602, a dialog box 604 1s displayed illustrating, for
example, the method function’s name, prototype, a brief
description, input parameters of the method function, and the
return value of the function type. Thus, a user developing a
soltware application may mouse over a method function and
be provided support documentation for the method function
in near real time. In one embodiment, support for documen-
tation of member functions belonging to C++ templates, base
classes, and type definitions as well as overloaded methods
may be provided to a user 1n response to a mouse over event.
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In one embodiment, as discussed in greater detail below,
library hover support 104 enables library hover functionality
for elements 1n source code of a software application by
parsing documentation generated from the software applica-
tion’s source code. In one embodiment, library hover support
104 creates a model, using the documentation data parsed
from the documentation and written 1nto pre-defined classes.
In one embodiment, the hover models generated by library
hover support 104 are stored 1n a data store as hover model
files 106. The data store may be hosted by one or more storage
devices that may consist of one or more types of removable
storage and/or one or more types of non-removal storage.

In one embodiment, after library hover support 104 gener-
ates a hover model for a software application, software devel-
opment tools plug-in 110 may query library hover support
104 1n response to user mouse-over events for soltware appli-
cations being edited 1n the integrated development environ-
ment 102. For example, when a user mouses over the append
member Tunction 602 illustrated 1n FI1G. 6, software develop-
ment tools plug-in 110 may query library hover support 104
for support data, 1f any 1s available, for the append member
tfunction 602 belonging to the std::string class. In one embodi-
ment, 1n response to the request of software development
tools plug-in 110, library hover support searches the hover
model files 106 for documentation data for the append mem-
ber function 602. If any 1s found, library hover support 104
responds with the support data formatted for use by the soft-
ware development tools plug-in’s 110 native hover help.
Thus, 1n one embodiment, library hover support 104 both
generates the data models providing hover help data for C and
C++ applications being developed 1n the integrated develop-
ment environment, as well as searching for and supplying the
data in response to hover help queries of the software devel-
opment tools plug-in 110.

FIG. 2 1s a block diagram of an architecture 200 for pro-
viding library hover support in an integrated software devel-
opment environment. In one embodiment, the architecture
200 provides additional details for the library hover support
104 discussed above in FIG. 1. In one embodiment, library
hover support 204 includes a documentation parser 210,
documentation modeling classes 212, hover model files 214,
and hover documentation retriever 216.

In one embodiment, documentation parser 210 1s respon-
sible for loading and parsing source code documentation files,
such as source code documentation file 220. In one embodi-
ment, the source code documentation file 220 1s a text, PDF,
HTML, XML, etc. file that 1s automatically generated by
documentation generator 222 from a source code file 224. In
one embodiment, source code documentation file 220 1s an
automatically generated documentation {file, such as a
DOXYGEN™ source code documentation {ile.

In one embodiment, after loading source code documenta-
tion file 220, documentation parser 210 reads through the
contents of the source code documentation file 220. In one
embodiment, for each software element documented 1n the
software documentation file, documentation parser 210
writes documentation data from the source code documenta-
tion file 220 to the documentation modeling classes 212. In
one embodiment, the documentation modeling classes are
JAVA™ classes that may reference one another. In one
embodiment, the classes are pre-written classes that support
C++ soltware programming elements, such as type defini-
tions, base classes, overloaded methods, and C++ templates.

For example, a method function documented by the source
code documentation file 220, may be a method that operates
on characters such as the append methods belonging to the
C++ standard library basic_string class. The C++ standard
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library basic_string class has more than one method named
append, but each method has a unique signature which
defines the parameters 1t accepts and its return value. Thus,
although the class discussed above has more than one append
method, documentation parser 210 determines the specific
context of the method call including 1ts signature. The pur-
pose for determining the specific context of a software ele-
ment 1s to provide a user with accurate documentation for
specific instantiations of the software element in response to
a mouse over event. For example, one append method might
take a single character and a repeat count as input parameters
whereas another append method may take a string as input.
The documentation for these two methods named append are
different as the descriptions of the operations performed are
not the same. The documentation parser, by determining a
soltware element’s context, provides support data for a func-
tion such as the mput parameters, return types and param-
eters, a description, etc. corresponding to the actual usage of
the software element. Such information 1s highly valuable
and mformative for users developing soitware applications,
especially when the mformation 1s returned 1n an efficient
manner.

In one embodiment, the documentation modeling classes
212 are predefined JAVA™ classes that recerve documenta-
tion data written by documentation parser 210. In one
embodiment, the documentation modeling classes 212
include predefined classes to create models for C and C++
soltware elements such as type definitions, templates, base
classes, and overloaded methods. In one embodiment, the
documentation modeling classes 212 may reference each
other as determined by corresponding documentation for a
software element. For example, a class may inherit from
another class. All the exposed methods of the inherited class
are accessible to the inheritor. A reference between the inhert-
tor class and the 1inherited class 1s established 1n the model.

In one embodiment, a set of classes are created with refer-
ences between the classes, as discussed above, 1n order to
create a model of the source code documentation file 220. In
one embodiment, the model 1s written to a file and stored in a
data store, such as hover model files store 214. In one embodi-
ment, the model classes are serialized in binary format files
and then stored 1n hover model files store 214 so as to improve
the performance of responding to hover help support
requests. In one embodiment, JAVA™ serialization 1s utilized
to serialize the documentation model files mnto binary for
storage by the documentation parser 210.

In one embodiment, hover documentation retriever 216 1s
coupled with the memory storing hover model file 214. In one
embodiment, hover documentation retriever 216 responds to
hover help requests from the solftware development tools
plug-in 230. In one embodiment, hover documentation
retriever 216 recerves the request that includes data regarding,
the text element 1n the source file that the cursor 1s hovering
over. In one embodiment, hover documentation retriever 216
accesses a source code model 218 to determine a context of
the text element 1n the source code. In one embodiment, the
source code model 218 1s a model generated by the integrated
development environment 102 for the source code being
edited by a user. In one embodiment, the context may refer to
the specific data a software element operates on, how the
soltware element 1s defined, what data types a software ele-
ment returns, €tc.

In one embodiment, hover documentation retriever 216
then searches the serialized hover model files 214 for a match.
In one embodiment, for C++ programming language docu-
mentation files, the hover documentation retriever 216 maps
a soltware object to a corresponding specific context using the
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source code model 218 of a user’s source code. In one
embodiment, upon finding documentation data from the set of
classes for the context, hover documentation retriever 216
returns the documentation to software development tools
plug-in 230. In one embodiment, hover documentation
retriever 216 formats the documentation data into a format
that software development tools plug-in 230 expects to
receive (e.g., a predelined XML formatted response, univer-
sal resource locator, etc.).

In one embodiment, documentation parser 210 may parse
and store multiple documentation models in hover model files
214. When there are multiple documentation models, hover
documentation retriever 216 may search each of the models in
response to a hover help request.

FIG. 3 15 a flow diagram of one embodiment of a method
300 for providing hover help for C++ software application
development 1n an integrated development environment. The
method 300 1s performed by processing logic that may com-
prise¢ hardware (circuitry, dedicated logic, etc.), software
(such as 1s run on a general purpose computer system or a
dedicated machine), or a combination of both. In one embodi-
ment, the method 300 1s performed by library hover support
204 of FIG. 2.

Referring to FIG. 3, the process begins by loading a docu-
mentation file (processing block 302). In one embodiment,
the documentation file 1s a documentation file that 1s auto-
matically generated by a source code analysis tool. For
example, the documentation file may be a DOXYGEN™
source code documentation file.

Processing logic parses the documentation file (processing
block 304). In one embodiment, processing logic parses the
documentation file to determine what software elements,
such as method functions, base classes, type defimitions, C++
templates, etc. are included 1n the source code of the software
from which the documentation file was created.

Processing logic models the documentation file based on
the parsing using a set of classes (processing block 306). In
one embodiment, the set of classes 1s a set of JAVA™ classes.
In one embodiment, the set of JAVA™ classes are predefined
and correspond to typical use cases of a software element,
such as classes corresponding to type definitions, classes
corresponding to base class definitions, classes correspond-
ing to C++ templates, and classes corresponding to over-
loaded method signatures within classes. Additional classes
for C++ software elements may be provided consistent with
the discussion herein. In one embodiment, the set of classes,
as a whole, models the documentation file by modeling the
methods, type definitions, C++ templates, and overloaded
method signatures found in the documentation file, relation-
ship between elements found 1n the documentation file, ref-
erences between elements found in the documentation file,
etc.

Processing logic then stores the documentation model in
serialized format (processing block 308). In one embodiment,
the documentation model 1s serialized utilizing JAVA™ seri-
alization.

A request 1s then received for hover help data (processing
block 310). In one embodiment, the hover help request
includes data that indicates the subject of the request, such as
a text element 1n source code hovered over by a user. For
example, the request may specily a specific method name that
a user 1s currently mousing over.

Processing logic locates the help data, 11 any, in the serial-
1zed documentation model (processing block 312). In one
embodiment, processing logic locates an element in the docu-
mentation and then maps the element to a specific context
corresponding to how the element 1s instantiated. For
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example, processing logic would map the software element to
the input parameters, return types, etc. of the software ele-
ment. In one embodiment, processing logic performs the
mapping for software elements from C++ documentation
models.

Theresults are then returned (processing block 314). Inone
embodiment, the results are returned 1n order to provide data
that may be utilized to populate a hover help pop-up window,
text box, etc. and displayed to a user editing source code.

FIG. 4 15 a flow diagram of one embodiment of a method
400 for providing hover help for C++ software application
development 1n an integrated development environment. The
method 400 1s performed by processing logic that may com-
prise hardware (circuitry, dedicated logic, etc.), software
(such as 1s run on a general purpose computer system or a
dedicated machine), or a combination of both. In one embodi-
ment, the method 400 1s performed by library hover support
204 of FIG. 2.

Referring to FIG. 4, the process begins by reading a docu-
mentation file (processing block 402). In one embodiment,
the documentation file 1s automatically generated from a
source code documentation file by a documentation tool prior
to processing logic reading the file. In one embodiment, the
documentation file 1s an automatically generated source code
documentation file, such as a DOXYGEN™ source code
documentation file.

Processing logic models the documentation file utilizing a
set of classes for C++ use cases as well as documentation data
obtained from the documentation file (processing block 404).
In one embodiment, the documentation file 1s structured top-
down to provide documentation information about classes,
typedels, member functions, and structures within the
classes, typedets, and member functions.

In one embodiment, a class may be a template class and/or
it may refer to one or more base classes. In one embodiment,
the classes, base classes, and template classes represented in
the documentation file are analyzed to obtain the member
functions which have relevant documentation. For example,
when documentation information 1s found for a class called
A, processing logic would create a “Class™ object, utilizing,
the pre-defined modeling classes, and give the newly created
class the name A. A may have a set of base classes it refer-
ences, and the base classes will be referenced 1n a resulting
documentation model from the “Class” object named A.

Continuing the example, if B 1s a base class of A, A will
have a reference to the “Class” object with name B. Any
members of A will show up as children of A and these will be
“Member” objects. Each “Member” object includes the asso-
ciated documentation. In one embodiment, a hash table 1s
created of “Class” objects which can be quickly searched
using a look-up by name.

In one embodiment, template classes are modeled differ-
ently because the name of a template class may change based
on how a users uses and/or defines the template class. In one
embodiment, templates are special versions of classes and are
named in the documentation model without their template
parameters. For example, public class K<IT> 1s stored in a
“Class” named K which 1s marked as having template param-
cter T. I versions of the template K are specified in the
documentation, they will be referenced by the generic K
template class object that does not dictate the type of the T
template parameter. Thus, iI a look-up was performed on a
version of template K, for example K<ant>, the K class object
1s found 1n the model and a check 1s performed to see i1 there
1s a referenced template sibling class object of K where T 1s
defined to be “int”. This occurs when documentation 1s pro-
vided for various values of template type parameters. If there
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1s not a specific mstance for the context of template K<int>,
the oniginal template of K<T1> may be utilized to provide
documentation. The type “int” 1s then substituted for T for any
member signatures and documentation. Thus, a member with
signature T z(T) would match a look-up for a member with
signature it z(int). In one embodiment, the documentation
might reference T (e.g. returns type T) and processing logic
would substitute “int” before returning the documentation. In
one embodiment, typedels are saved 1in a separate set of
modeling classes and map one name to another, but also have
to provide for templates as discussed above.

Processing logic writes the documentation model, contain-
ing the set of classes including documentation data written to
the classes, to a file (processing block 406). The file 1s then
serialized and stored in a memory (processing block 408). In
one embodiment, the file 1s senalized into binary format to
increase the efficiency of the subsequent hover help look-ups
discussed herein.

FIG. 5 1s a flow diagram of one embodiment of a method
500 for providing hover help for C++ software application
development 1n an integrated development environment. The
method 500 1s performed by processing logic that may com-
prise hardware (circuitry, dedicated logic, etc.), software
(such as 1s run on a general purpose computer system or a
dedicated machine), or a combination of both. In one embodi-
ment, the method 500 1s performed by library hover support
204 of FIG. 2.

Referring to FIG. 5, the process begins by receiving a
request for hover help data (processing block 502). In
response, processing logic determines a hover reference con-
text corresponding to the request (processing block 504). In
one embodiment, the context of a text element 1n source code
that a user 1s mousing over 1s determined including the
declared class type and the method signature being refer-
enced for the source code element. In one embodiment, pro-
cessing logic utilizes a source code indexer of the software
development tools plug-in 110 to obtain the text elements
context within the development environment.

Processing logic reads the documentation data from the
classes, including classes referenced by the classes in the
documentation model file, from the corresponding serialized
documentation model (processing block 506).

Processing logic then determines whether there 1s a match
in the documentation model (processing block 508). In one
embodiment, when there 1s no match for a documentation
model, processing logic determines if there are any additional
documentation models (processing block 514). When there
are additional documentation models, processing logic
returns to processing block 506 to read a new documentation
model. However, when processing logic determines that there
are no additional documentation models to search (process-
ing block 514), processing logic provides a null response to
the hover help request (processing block 516). In one embodi-
ment, the null response indicates that no documentation 1s
available for the requested software element.

Where processing logic determines that there 1s a match in
the documentation model, processing logic formats docu-
mentation data into a hover help response (processing block
510). In one embodiment, the hover help response formatted
data corresponds to data a native hover help 1n a software
development tools plug-in, such as the ECLIPSE™ C/C++
development toolkit, would expect to receive. Processing
logic then provides the hover help documentation response to
the requester (processing block 512) for display to a user.

FIG. 7 illustrates a diagrammatic representation of a
machine in the exemplary form of a computer system 700
within which a set of instructions, for causing the machine to
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perform any one or more of the methodologies discussed
herein, may be executed. In alternative embodiments, the
machine may be connected (e.g., networked) to other
machines 1n a LAN, an intranet, an extranet, or the Internet.
The machine may operate 1n the capacity of a server or a client
machine 1n client-server network environment, or as a peer
machine 1n a peer-to-peer (or distributed) network environ-
ment. The machine may be a personal computer (PC), a tablet
PC, a set-top box (STB), a Personal Digital Assistant (PDA),
a cellular telephone, a web appliance, a server, a network
router, switch or bridge, or any machine capable of executing
a set ol istructions (sequential or otherwise) that specily
actions to be taken by that machine. Further, while only a
single machine 1s illustrated, the term “machine” shall also be
taken to include any collection of machines that individually
or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.

The exemplary computer system 700 includes a processing,
device (processor) 702, a main memory 704 (e.g., read-only
memory (ROM), flash memory, dynamic random access
memory (DRAM) such as synchronous DRAM (SDRAM) or
Rambus DRAM (RDRAM), etc.), a static memory 706 (e.g.,
flash memory, static random access memory (SRAM), etc.),
and a data storage device 716, which communicate with each
other via a bus 708.

Processor 702 represents one or more general-purpose pro-
cessing devices such as a microprocessor, central processing
unit, or the like. More particularly, the processor 702 may be
a complex mstruction set computing (CISC) microprocessor,
reduced instruction set computing (RISC) microprocessor,
very long mstruction word (VLIW) microprocessor, or a pro-
cessor 1mplementing other instruction sets or processors
implementing a combination of 1nstruction sets. The proces-
sor 702 may also be one or more special-purpose processing,
devices such as an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), a digital
signal processor (DSP), network processor, or the like. The
processor 702 1s configured to execute the processing logic
726 for performing the operations and steps discussed herein.

The computer system 700 may further include a network
interface device 708. The computer system 700 also may
include a video display unit 710 (e.g., a liquid crystal display
(LCD) or a cathode ray tube (CRT)), an alphanumeric input
device 712 (e.g., a keyboard), a cursor control device 714
(e.g., a mouse), and a signal generation device 716 (e.g., a
speaker).

The data storage device 716 may include a machine-acces-
sible storage medium 724 on which 1s stored one or more sets
of instructions (e.g., software 726) embodying any one or
more of the methodologies or functions described herein. The
software 726 may also reside, completely or at least partially,
within the main memory 704 and/or within the processor 702
during execution thereof by the computer system 700, the
main memory 704 and the processor 702 also constituting
machine-accessible storage media. The software 722 may
turther be transmitted or received over a network 720 via the
network interface device 708.

While the machine-accessible storage medium 724 1s
shown 1n an exemplary embodiment to be a single medium,
the term “machine-accessible storage medium” should be
taken to mclude a single medium or multiple media (e.g., a
centralized or distributed database, and/or associated caches
and servers) that store the one or more sets of instructions.
The term “machine-accessible storage medium” shall also be
taken to include any medium that 1s capable of storing, encod-
ing or carrying a set of instructions for execution by the
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machine and that cause the machine to perform any one or
more of the methodologies of the present invention. The term
“machine-accessible storage medium” shall accordingly be
taken to 1nclude, but not be limited to, solid-state memories,
optical media, and magnetic media.

In the foregoing description, numerous details are set forth.
It will be apparent, however, to one of ordinary skill in the art
having the benefit of this disclosure, that the present invention
may be practiced without these specific details. In some
instances, well-known structures and devices are shown in
block diagram form, rather than in detail, in order to avoid
obscuring the present invention.

Some portions of the detailed description that follow are
presented in terms of algorithms and symbolic representa-
tions of operations on data bits within a computer memory.
These algorithmic descriptions and representations are the
means used by those skilled in the data processing arts to most
cifectively convey the substance of their work to others
skilled 1n the art. An algorithm 1s here, and generally, con-
ceived to be a self-consistent sequence of steps leading to a
desired result. The steps are those requiring physical manipu-
lations of physical quantities. Usually, though notnecessarily,
these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these
signals as bits, values, elements, symbols, characters, terms,
numbers, or the like.

It should be borne 1n mind, however, that all of these and
similar terms are to be associated with the appropriate physi-
cal quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as
apparent from the following discussion, 1t 1s appreciated that
throughout the description, discussions utilizing terms such
as “processing”’, “computing’, “calculating”, “determining”,
“displaying” or the like, refer to the actions and processes of
a computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(e.g., electronic) quantities within the computer system’s reg-
1sters and memories into other data similarly represented as
physical quantities within the computer system memories or
registers or other such information storage, transmission or
display devices.

The present imnvention also relates to an apparatus for per-
forming the operations herein. This apparatus may be spe-
cially constructed for the required purposes, or 1t may com-
prise a general purpose computer selectively activated or
reconiigured by a computer program stored in the computer.
Such a computer program may be stored 1n a computer read-
able storage medium, such as, but not limited to, any type of
disk including tfloppy disks, optical disks, CD-ROMs, and
magnetic-optical disks, read-only memories (ROMs), ran-
dom access memories (RAMs), EPROMs, EEPROMs, mag-
netic or optical cards, or any type of media suitable for storing,
clectronic mstructions.

The algorithms and displays presented herein are not inher-
ently related to any particular computer or other apparatus.
Various general purpose systems may be used with programs
in accordance with the teachings herein, or 1t may prove
convenient to construct a more specialized apparatus to per-
form the required method steps. The required structure for a
variety of these systems will appear from the description
below. In addition, the present invention 1s not described with
reference to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to implement the teachings of the invention as described
herein.
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It 1s to be understood that the above description 1s intended
to be 1illustrative, and not restrictive. Many other embodi-
ments will be apparent to those of skill 1n the art upon reading
and understanding the above description. The scope of the
invention should, therefore, be determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled.

The foregoing description, for purpose of explanation, has
been described with reference to specific embodiments. How-
ever, the 1llustrative discussions above are not intended to be
exhaustive or to limit the mvention to the precise forms dis-
closed. Many modifications and variations are possible 1n
view of the above teachings. The embodiments were chosen
and described 1n order to best explain the principles of the
invention and 1ts practical applications, to thereby enable
others skilled 1n the art to best utilize the invention and vari-
ous embodiments with various modifications as may be
suited to the particular use contemplated.

I claim:

1. A method comprising;:

loading a documentation file, the documentation file gen-

crated from application source code;

parsing, by a processing device, the documentation file to

determine a context of a plurality of elements within the
documentation file, wherein the context of each element
defines a specific mstance of an element, the context
comprising an input parameter of the element;
generating, by the processing device, a model of the docu-
mentation file 1n view of the context of the plurality of
clements, the generating comprising:
writing documentation data, parsed from the documen-
tation file, to a set of classes to model the plurality of
elements of the documentation file, and
creating a mapping between classes from the set of
classes to model the context in view of a mapping of
corresponding elements from the documentation file;
storing the model 1n a memory;

receving, from a user, a request for help identifying a

source code element and associated context:

locating documentation data 1n the model corresponding to

a specific mstance of the source code element 1in view of
the associated context; and

providing the located documentation data to the user.

2. The method of claim 1, wherein creating the mapping,
turther comprising: consulting a model of the source code to
determine a class context for the mapping between classes.

3. The method of claim 1, wherein the set of classes are
predefined classes that model the plurality of elements of the
application source code, the plurality of elements comprising
at least one of source code type definitions, C++ templates,
base classes, or overloaded method signatures.

4. The method of claim 1, wherein storing the model 1n the
memory further comprises:

writing the generated model to a file; and

serializing the file comprising the generated model to

serialized binary data.

5. The method of claim 1, wherein locating documentation
data further comprises:

searching a plurality of documentation model files; and

providing the located documentation data when a first suc-

cessiul match corresponding to the request 1s found.

6. The method of claim 1, wherein providing the located
documentation data further comprises:

formatting the located documentation data into a hover

help response; and

displaying the formatted located documentation data to the

user via a hover help display dialog box.
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7. The method of claim 6, further comprising: providing a
NULL response when there are no matches corresponding to
the request.

8. The method of claim 1, wherein the application source
code 1s C++ application source code.

9. A non-transitory computer readable medium comprising
instructions, which when executed by a processing device,
cause the processing device to:

load a documentation file, the documentation file gener-

ated from application source code;

parse, by the processing device, the documentation file to

determine a context of a plurality of elements within the

documentation file, wherein the context of each element

defines a specific mstance of an element, the context

comprising an input parameter of the element;

generate, by the processing device, a model of the docu-

mentation file in view of the context of the plurality of

clements, the generating comprising:

writing documentation data, parsed from the documen-
tation file, to a set of classes to model the plurality of
elements of the documentation file, and

creating a mapping between classes from the set of
classes to model the context in view of a mapping of
corresponding documentation elements from the
documentation file;

store the model 1n a memory;

receive, Irom a user, a request for help identifying a source

code element and associated context:

locate documentation data in the model corresponding to a

specific instance of the source code element 1n view of
the associated context; and

provide the located documentation data to the user.

10. The non-transitory computer readable medium of claim
9, the processing device to consult a model of the source code
to determine a context for the mapping between classes.

11. The non-transitory computer readable medium of claim
9, wherein the set of classes are predefined classes that model
the plurality of elements of the application source code, the
plurality of elements comprising at least one of source code
type definitions, C++ templates, base classes, or overloaded
method signatures.

12. The non-transitory computer readable medium of claim
9, wherein to store the model in the memory further com-
prises:

5

10

15

20

25

30

35

40

12

writing the generated model to a file; and

serializing the file comprising the generated model 1nto
serialized binary data.

13. The non-transitory computer readable medium of claim
9, wherein to locate documentation data further comprises:

searching a plurality of documentation model files; and

providing the located documentation data when a first suc-
cessiul match corresponding to the request 1s found.

14. The non-transitory computer readable medium of claim
13, the processing device to provide a NULL response when
there are no matches corresponding to the request.

15. The non-transitory computer readable medium of claim
9, wherein the application source code 15 C++ application
source code.

16. A system comprising:

a memory comprising instructions; and

a processing device operatively coupled to the memory, the
processing device to execute the instructions to:

load a documentation file generated from application
source code,

parse the documentation file to determine a context of a
plurality of elements within the documentation file,
wherein the context of each element defines a specific
instance of an element, the context comprising an input
parameter of the element,

generate a model of the documentation file based on the
context of the plurality of elements,

write documentation data, parsed from the documenta-
tion file, to a set of classes to model the plurality of
elements of the documentation file, and

create a mapping between classes from the set of classes

to model the context 1n view ol a mapping of corre-
sponding elements from the documentation {ile,

store the model 1n a memory,

recerve, Irom a user, a request for help 1dentifying a source
code element and associated context

locate documentation data in the model corresponding to a
specific instance of the source code element 1n view of
the associated context, and

provide the located documentation data to the user.
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